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@ Dilatation catheter. 

*@ A dilatation catheter having an outer tubular balloon 
portion with (ength-wise circumferential crimps having at either 
end transition portions with longitudinal crimps across the axis 
and an inner catheter is provided. The distal transition portion is 
fastened to the distal end of the inner catheter tube which 
extends beyond the distal end of the outer tube and the balloon 
portion while the proximal transition portion is connected tot he 
distal end of the outer catheter tube. The balloon portion 
expands readily to a predetermined diameter while undergoing 
little change in length with an extension of the transition 
portions so that relative movement of the inner and outer 
catheter tubing is not required. Accordingly, minimum shear 
forces occur at the interface of the expanded balloon surface 
and the interior vessel wall. 
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DILATATION CATHETER 



5 BACKGROUND OF INVErsTTION 

This invention relates to catheters and more particularly to dilatation catheters which have an inflatable 
balloon portion which will not be displaced axially when inflated in a blood vessel to increase the patency 
thereof. 

10 It is a well known medical practice to use balloon catheters for enlarging the luminal diameter of a blood 
vessel, for example, at a point of stenosis such as is produced by an accumulation of plaque. In one procedure, 
known as percutaneous transluminal coronary angioplasty, the patent is viewed on an x-ray imaging screen 
while a flexible guide wire is first introduced through the skin into a coronary artery of a patient, and is so 
manipulated as to travel therein and penetrate the lumen of an occluded portion of the artery. A guide catheter 

15 is then fed along the guide wire to a point in the artery which is just proximal of the occlusion. Finally, the 
dilatation catheter is sent along the guide wire, within the guide catheter, and into the artery of the patient to 
position the balloon portion of the catheter in the occluded portion of the artery. 

One such dilatation catheter has a flexible shaft which includes an inner tube, or cannula, which can pass 
freely along the guide wire and a flexible outer tube which surrounds the inner tube and has an inner diameter 

20 which is somewhat larger than the outer diameter of the inner tube. A flexible balloon portion at the distal end 
of the outer shaft Is sealed to the distal end of the inner tube. The balloon portion is capable of expansion when 
fluid under pressure is directed into the space between the outer tube of the shaft and the inner tube whereas 
the outer tube of the shaft Is relatively more rigid and is not capable of such expansion. 

When the balloon portion of the catheter has been correctly positioned as seen on the x-ray imaging screen, 

25 a radiopaque, fluid contrast medium is introduced under pressure into the space between the inner and the 
outer tubes to expand the balloon portion which presses against the occluded matter on the inside of the 
artery. The expansion of the balloon must be carefully controlled to prevent possible over-expansion and 
over-stressing of the wall of the catheter which might cause it to rupture, while putting sufficient force on the 
blood vessel to accomplish the objectives of the procedure. When the desired enlargement of the occluded 

30 portion of the artery is completed, the pressure on the fluid inside the catheter is relieved, the balloon shrinks, 
and the catheter is then removed. 

In one catheter of the above type, the proximal end of the catheter is fitted to a mount which receives the 
proximal ends of the inner tube and of the shaft tube and seals them in spacedapart relationship, while 
providing a passageway for supplying fluid under pressure to the space therebetween. When the catheter is 

35 pressurized, the inner tube shifts its position to accommodate the decrease In the length of the balloon which 
occurs when the balloon expands. Upon release of pressure In the catheter, the inner tube is returned to its 
original distal position so that he movement of the inner tube aids in reducing the diameter of the balloon to 
approximately its original diameter, easing removal of the catheter from the blood vessel. 

Some of the known catheters of this type exhibit axial shrinkage of the balloon portion during inflation. In 

40 some prior art catheters, non-unrform axial shrinkage of the balloon during inflation results in undesirable 
curving of the distal portion of the balloon. 

Accordingly, there is a need for a balloon catheter in which the external surface of the balloon portion does 
not rotate or change dimensions longitudinally during Inflation and which, at the san>e time, does not 
experience signiflcant axial displacement during inflation. Concomitant with the foregoing is a need for 

45 dimensional stability of the inflated balloon so that there is very little further expansion and stretch after the 
balloon reaches the desired inflated dimensions. In this way, overexpansion of the balloon and consequent 
damage to the vessel wall is minimized if the specified pressure Is exceeded by mistake. The balloon which 
meets the foregoing needs should also be capable of rapid deflation and of subsequent complete recovery of 
original dimensions so as to allow easy and prompt retrieval when the procedure has been completed. 

50 

SUMMARY OF THE INVENTION 

Generally speaking, in accordance with the invention, the foregoing requirements are met by a catheter 
55 having an expandable balloon portion formed with length-wise circumferential pleat-like crimps which provide 
a high degree of circumferential compliance up to a predetermined limit of expansion, e.g., the point at which 
the pleats are completely unfolded. The distal and proximal connecting portions are crimped into longitudinal 
pleat-like folds across the axis and provide a precalculated degree of compliance in the axial direction of the 
shaft. 

60 When fluid under pressure' is supplied to the catheter via a space between an inner and outer tubing, the 

balloon portion expands radially, but has little change in longitudinal dimension. Such little shortening as 
occurs at the two ends of the balloon is accommodated by expansion of the. connecting portions with 
substantially no change in radial dimension. The walls of the expanding balloon portion and of the connecting 
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portions are made of a fabric or thin high strength film substrate which has been crimped and is treated with an 
lastomeric material. The elastomeric material resists penetration by the pressurizing fluid without interfering 
with the d sired expansion of the balloon. The fabric substrate may be coated or impregnated with lastomer 
or an inner and outer sleeve of the elastom r may be placed about the fabric substrate. When a film substrate 
is us d elastomer is provided on the outer surface of the crimped film, by coating the film or placing an outer 5 
sleeve of elastomer about the crimped film. The elastomer provides elasticity to the walls of the balloon and the 
connecting portions to facilitate rapid deflation and subsequent complete recovery of original dimensions. In 
addition, the elastomer provides a smooth outer surface for the balloon portion and the connecting portions in 
the inflated as well as deflated state. 

Accordingly, it is an object of the invention to provide an improved dilatation catheter. 10 

It is another object of the invention to provide a balloon catheter in which expansion of the balloon does not 
result in longitudinal change of balloon position within a blood vessel during a medical procedure. 

A further object of the invention is to provide a balloon catheter which does not cud as a result of inflation. 

Still another subject of the invention is to eliminate the undesirable effects of longitudinal motion of a balloon 
catheter on the lumen of a blood vessel during inflation. 15 

Still a further object of the invention is to provide a catheter having a balloon portion with improved 
dimensional stability when inflated. 

Yet another object of the invention is to provide a catheter having a balloon portion which will return to its 
original dimension rapidly upon deflation. . 

Yet a further object of the invention is to provide a balloon catheter which does not provide surface rotation 20 
upon inflation of the balloon portion; . - . 

Yet another object of the invention is to provide a balloon catheter which has a smooth outer surface for the 
balloon portion and the transition portions in the uninflated as well as inflated state. 

Still other objects and advantages of the invention will In part be obvious and will in part be apparent from the 
specification. 25 

The invention accordingly, comprises an article of manufacture possessing the features, properties, and the 
relation of elements which will be exemplified in the article hereinafter described, and the scope of the 
invention will be indicated in the claims. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the invention, reference is had to the following description taken in connection 
with the accompanying drawings, in which: . - . 

FIG- 1 is a plan view of a balloon catheter fabricated according to the teachings of the invention, 35 
showing an attachment for supplying inflating fluid under pressure ; . 

FIG- 2a is a plan view of the balloon and transition portions showing the balloon in an, uninflated 
condition; 

FIG. 2b is a plan view of the catheter of FIG. 2a wherein the transition portions of the catheter are sewn 
to the balloon portion shown in an inflated condition; 40 

FIG. 2c is a plan view of the catheter of FIG. 2a wherein the transition portions are integrally formed with 
the balloon portion shown in an inflated condition ; 

FIG. 3 is a cross-sectional view along line 3-3 of FIG. 2a showing the central portion of the balloon with a 
fabric substrate in an uninflated condition; 

FIG. 4 is a cross-sectional view along line 4-4 of FIG. 2b. showing the balloon portion of FIG. 3 in an 45 
inflated condition; 

FIG. 5a is a cross-sectional 'view along line 5a-5a of FIG. 2a showing detail of the distal balloon 
connection for a balloon having a fabric substrate in an uninflated condition; 

FIG. 5b is a cross-sectional view along line 5b-5b of FIG. 2b showing detail of the proximal balloon 
connection for a balloon having a fabric substrate ; .50 

FIG. 5c is a cross-sectional view along line 5c-5c of FIG. 2c showing detail of the proximal balloon 
connection for a balloon having a fabric substrate; 

FIG. 6 is a cross-sectional view of the proximal portion of the catheter shaft, showing the catheter 
fitting; 

FIG. 7 is a cross-sectional vievy illustrating a portion of an altemative construction of the catheter in an 65 
inflated condition; . 

FIG. 8 is a cross-sectional view along line 3-3 of FIG. 2a showing the central portion of the balloon with a 
film substrate in an uninflated condition; 

FIG. 9 is a cross-sectional view along line 4-4 of FIG. 2b. showing the balloon portion of FIG. 8 in an 
inflated condition; 60 

FIG. 10a is a cross-sectional view along line 5a-5a of FIG. 2a showing detail of the distal balloon 
connection for a balloon having a fabric substrat in an uninflated condition ; 

FIG. 10b is a cross-sectional view along line 5b-5b of FIG. 2b showing detail of the proximal balloon, 
connection for a balloon having a film substrate; 

FIG. 10c is a cross-sectional view along line 5c-5c of FIG. 2c showing detail of the proximal balloon 65 
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connection for a balloon having a film substrate; ^ , . , L,„-^.,i„„ K=ii««n 

FIGS. 11a-11e are schematic repr sentatfons of crimped structures us ful in fabncating balloon 
portions in accordance vwth the inv ntion. 

^ DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows a catheter, generally designated 2 and having a distal tip 6. with a guide wire 4 positioned in an 
inner passageway 3 of catheter 2. Catheter 2 has a balloon portion 8 formed In a portion of longitudinaJ shaft 
10 10 As catheter 2 is inserted percutaneously in a patient, tip 6 first passes along guide wire 4. being followed by 
balloon portion 8 and as much of catheter shaft 10 as is necessary for balloon portion 8 to reach the desired 

A°proxiill3 catSr fitting 12 remains external of the patient and is attached to a pressure tube 1 6 into which 
fluid can be forced by means of a syringe 18 or other inflation device via a connecting tee 14. Pressure in the 
15 fluid can be monitored by means of a gauge 20 which Is connected to pressure tube 16 by means of a second 
connecting tee 22. A guiding catheter which is also conventionally used In placing the balloon catheter in 
position In the blood vessel is not illustrated. ....... ■ < o 

Reference is now made to FIGS. 2a. 2b and 2c for a general description of the balloon region of catheter 2. 
FIGS 2a is a plan view showing catheter balloon 8 In an uninflated condition and FIGS. 2b and 2c show 
balloon 8 in an inflated condition. The distal end of catheter 2 includes a tapered or conical distal tip 6 which 
may be made of plastic, a distal connecting portion 24. balloon portion 8. a proximal connecting portion 26 and 
an outer shaft tube 28. As detailed in FIG. 5a. tip 6 is formed with a tapered, angular nng within which the dista^ 
end of inner catheter tube 30 is sealed. Distal connecting portion 24 and proximal connecting portion 26 are of 
the same pleated construction. In FIG. 2b a distal connecting portion 24a and a proximal connecting portion 
26a are sewn to balloon portion 8a at stitching 29 and are capable of yielding longitudinally, ^s detailed in 
FIGS 2b and 5b. while substantially maintaining the same outer diameter. In FIG. 2c. transition portion 26b is 
shown as fomied integrally with balloon portion 8b and expands in a radial direction at the connections with 

''In oI'der°to°p"rovide for diametric expansion from the uninflated condition of FIG. 2a to the inflated condition 
of FIG 2b substrate 7 of balloon portion 8 is pleated in the length-wise direction so as to provide a low value of 
circumferential stiffness until a specific radius is obtained, and to have an abrupt rise in circumferentia 
stiffness thereafter. Substrate 7 is treated with an elastomeric material 9, such as polyurethane or other 
biologically acceptable elastomers to coat or impregnate substrate 7. Alternatively the elastomer may be in 
the form of inner and outer sleeves 9a and 9b as shown in FIG. 7. In addition, the wall of balloon portion 8 has a 
high stiffness in the axial direction, so that there is little significant change in length along most of the length of 
b^loon portion 8 when the balloon is inflated. These objectives are met by crimping the wall of the s^bstrate^ 
balloon portion 8 to provide longitudinally stiff elements which yield circumferentially until a predetermined 

"'Ts^cS, be'sSTby comparing the uninflated and the inflated balloons of FIGS. 3 and 4- Pff ^^'V' ^j^^ 
crimped fabric substrate of balloon portion 8 results in Its compact stowage around inner catheter t"be 30. The 
uninflated balloon portion 8 has an outer diameter which is the same as that of catheter tip 6 and of shaft tube 
28 facilitating movement of catheter 2 within the artery of a patient. When inflated, the flattening out of the 
acoordion-pleat-like crimps in the wall of balloon portion 8 (FIGS. 4 and 5b) limrts further expans'orj thereo^^ 
The pleated structures are readily fabricated, for example, by cnmping a tube of textile fabric in the 
45 circumferential or the longitudinal direction, respectively and coatng with elastomer. 

Even though the high axial stiffness of balloon portion 8 will prevent substantial changes in the active length 
during inflation, some change in overall length is unavoidable In the regions of attachment of the baHoon 
portion to the catheter tip and to the distal end of the shaft tube. To avoid the need for a compensating 
retraction of catheter tip 6. extendable connection portions 24 and 26 are provided at each end of baUoon 
portion 8. These portions extend axially when the balloon is inflated offsetting any retraction of the ends of 
balloon portion 8 so that tip 6. balloon portion 8, and outer tubing 28 of catheter 2 remain stationary while the 

balloon is being inflated. ^. 

As depicted in FIGS. 5 and 6 for a fabric substrate and FIG. 10 for a film substrate, connecting portions 24 
and 26 are both constructed in the form of cylinders which, after longitudinal crimping and coating have an 
outer diameter which corresponds to that of shaft tube 28. As with the wall of balloon portion 8. the wall of each 
connecting portion is formed of a coated crimped fabric; but these structures resist radial expansion while 
yielding longitudinally. The distal ends of connecting portions 24 and 26 are respectively bonded to the 
proximal wall of catheter tip 6 and are fixed to or integrally formed with the proximal end of balloon portion 8 
while the proximal ends of the connecting portions are respectively fixed to or integrally formed with the distal 
60 end of balloon portion 8 and bonded to the distal end of outer catheter tubing 28, respectively. 

FIG 6 depicts, in partial cross-section, the proximal fitting 12 which is used with catheter 2. Fitting 12 
includes a solid block 29 having an axial opening in which the proximal end of Inner catheter tube 30 is seated. 
A passageway 34 surrounds inner tube 30, and communicat s with passageway 36 within outer catheter tube 
28. Communicating radially with passageway 34 is a fluid supply passageway 35 by means of which fluid under 
65 pressure is fed into catheter 2. A conical aperture 37 communicates axially with inner catheter passageway 3 
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throuah which guide wire 4 is threaded. „ rcrio Tu^«..i^ 

n use balloon portion 8 of catheter 2 is inflated by forcing fluid Into catheter 2 via tube 16 (FIG. 1) The flu.d 
flows from tube 16 into connecting tee 14 of catheter fitting 12 (FIG. 6) where it passes into an annular space 
34 around the proximal end of inner cathet r tube 30. From annular space 34. the flu.d 
space 36 be Jen inner tube 30 and outer tube 28. whence it flows past a ■^d-o-opaque marker ba^^^^^ 
(FIG 5b) through proximal connecting portion 28 and into balloon portion 8, and finally into distal connecting 
DoSon 24 \S portion 8 expands under pressure of the fluid, it does so until further expansion in 

S«t Sed by the f rattening of pleats of fabric substrate 7 into a ^^^f.^ «^"y ^^y'^h '1^^^^ So^n 
the same time, elongation of connecting portions 24 and 26 offsets any small longitudinal shortening o baHoon 
pernors When the angioplasty procedure has been completed, fluid is withdrawn frorn catheter 2 by 
fevering the action of syringe 18 and balloon portion 8 and connecting portions 24 and 26 readily resume their 

°Tn an al^eSle fo'm of construction shown in FIG. 7. the distal connecting portion (not shown), a proximal 
connecting portion 40, and a balloon portion 8c are fabricated as before, being '."'^S'-f J' /^^^f • J""*!;^^ 
sewn together. However, the proximal end Of proximal connecting portion 40 ^ a^^^.^V^TrLnpH in^^^^ 

a long tube 46 of a Dacron fabric of appropriate inner and outer diameter. Fabnc tube 46 's threaded into an 
equai long outer tubing 48 of Teflon/FEP of appropriate diameter and bonded thereto with the connecting 
portlonS balloon portion 8c extending forward thereof. The outer surfaces of the connectmg portions and 
balloon portions of the catheter prepared in accordance with this embodiment are dip-coated with 
polyu^ethanTsS so that the total outer diameters of these components, when the Walloon portion is uninflated 
matches that of the shaft section 48. After Inner catheter tube 30. of appropnate diameter, has been passed 
■mt?thrfollgoinrassembly. the distal end of the inner tube is bonded", as was tube 30 In the first embodiment, 

to the distal end of the distal connecting portion (npt shown). _ :..>„„i»..Ih 

in a further altemative embodiment illustrated in FIGS. 8-10. the textile component of a balloon s replaced 
by a thin high-strength film 81 . An expandable balloon portion 82 of the catheter is formed by c^nQ and 
heat-sett ng film 81 to produce lengthwise circumferential pleat-like crimps 82 which provide a high degree of 
drcumferent rcompllLce up to a pre-determined limit of expansion, e.g.. the point at which the cnmps are 
compTetery stra^kt^n A tubular elastomeric sleeve 83 is fitted over the length of balloon portion 80 
eSmeric sleeve 83 facilitates rapid deflation of balloon 80 upon release of internal P^^s^^'^^^^^^.t^'^.^^X^^^^ 
comprte recoveor of original dimensions. Alternatively, the external surface of the crimped wal of ba^toon 
portSn 80 can be coated with an elastomer coating 84 as shown in FIG. 8b to produce a smooth ou ^r surface _ 
na 9 Illustrates in cross-section balloon 80 in an expanded condition and pleats 82 in a straightened 

°°Fi?m°8l" is preferably a heat-settable. biaxially oriented, high-strength polymeric film S"Oh as Polyester. 
plain flat film can first be crimped with a multitude of length-wise pleat-like" crimps P^^f^rablrt^^^^^^^ 
cross-section as shown in FIG. 1.1a. The crimped film can be cut to the «PP^°P"^*« '^"9"l':°'^^P°"^^^^ 
the length of the balloon portion to be formed. The tubular balloon portion can then be formed from the 
crfmped film by bonding the free edges together length-wise. The tubular elastomeric sleeve can be 
conveniently produced by extrusion of a biocompatible polyurethane. . ^ . ♦u . hoii,,/,„ 

Since the crimped wall of balloon portion 80 is fluid-impermeable in the case of a '^^J^^ 
construction requires only one outer tubular elastomeric component or sleeve around the crimped wall or an 
outer suSe coating. The need for elastomeric impregnation of the textile structure and/or the need for the 
inner tubular elastomeric sleeve as discussed in the earlier embodiment 'f el-mmated mustrates a 

■ FIG 10a illustrates the anchoring of balloon portion 80 to distal tip 6 as in FIG. 5a. FIG. 10b illustrates a 
connecJon 86 oSoon portion 80 to the distal end of catheter outer shaft tube 28 shown in an expanded 
condition. Balloon 80 is formed integrally with transition portion 26b in F'G- JOo^ informinathe 
FIG. 11a IS a view In cross-section of a ■triangular" crimp geometry which -^f iL^^P'^Vf^ ;°""J"9 '^^^ 
accordion-like walls of balloon portions 8 and 80 and of expansion sections 24. 26 or 40 FIGS. 11a-1le are 
schemX representations showing various geometric forms of the crimps wh ch may be employed in the 
structures prepared in accordance with the invention. In FIG. lib the cnmps are formed into parabolas p and 
?' c5 diS shTpe. FIG. 11d is the limiting case for the preceding embodiments in which the cnmps are of 
LbstaSy rectangular cross-section. FIG. 11e illustrates a folded structure m which the crimping fonris a 
wall of S series of sequentially inverted frustums of triangles. The foregoing geometries lend themselves readily 
to mathematical analysis for comparison of relative structural advantage 

It will be seen that, when using the straight-sided, triangular crimp of Fia 11a. /.f °^P* 
proportional to the pitch distance Po when crimp angle <po is kept constant so hat the s-™" P'^f ^'..'^'^^^.^^^ 
dLsirably reduce the radial depth H of a crimp section, providing a more compact st^"^*";^ ^JJ^.^^^ PJ^^ 
the same degree of expansion. When the fabric or film thickness Is taken into account in destgnn^g such a 
JrianguTar configuration the thickness as well as the substrate type. e.g.. the type of yam. weave, etc.. or the 
film type must be chosen to meet the following critena: 
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(1) 



r (Dl + D2) 
> 8t (2) 

where a<p and aa respectively are the circumferential tensile strength and the axial tensile strength of the 
10 substrate, t is the desired burst pressure. D1 is the inner diameter of the inflated balloon. D2 is the outer 

diameter of the inflated balloon, and t is the thickness of the substrate used for balloon construction. The 

right-hand sides of the equations represent the stresses in the wall of the inflated balloon in the circumferential 

and the axial direction, respectively. 

Further, given a minimum wail thickness (t) of the inflated balloon calculated by equations (1) and (2). the 
75 unstretched crimp angle cpo for a given number of crimps per unit length (n) and a given undeformed crimp 

height (H) can be determined by trial-and-error calculation from the equation: 

2n(H- 1: 

PO ^ <Po (3) 

COS 0O 

which is derived from the geometry of the structure. 
The ratio / of fully extended crimp length to initial (uninfiated) crimp length is related to (po by the 
25 equation: 

/ = (cos (po) -1 (4) 

Illustrative calculations are presented below. 

For a number of crimps per mm n = 255, a height H of 0.9 mm. and a thickness t of 0.2 mm, trial-and-error 
solution of equation (3) and equation (4) yield <po '•^ 65° and / = 2.37. Increasing the value of n to 5.0, 
30 While keeping cpo ^ 65° and t = 0.2 mm, yields a height H of 0.687 mm, which is 240/o less than that of the first 
calculated example, thus reducing the profile (outside diameter) of the uninfiated balloon. 

The uninfiated outside diameter OD of the balloon, given a predetermined inside diameter ID and an 
uninfiated crimp height of H is detemriined as follows: 
OD = ID + 2H 

35 Thus, for an uninfiated ID of 0.5 mm and the above calculated H = 0.687, the uninfiated OD of the balloon is 

1.87 mm plus the thickness of the polyurethane coating and the inflated OD is 2.37 x (0.5 -h 0.687). or 2.813 

mm plus the thickness of the polyurethane coating. 

If a substrate thickness of 0.1 mm provides adequate burst strength, then, given H ^ 0.687 mm, n 5, and 

t 0.1 mm. trial-and-error solution of equation (3) yields values of (po = 73.4* and / = 3.5. For the same 
40 uninfiated balloon OD, the inflated OD now is 4.155 mm plus the thickness of the polyurethane coating. 

Although the above calculation is shown for triangular crimps, the other crimp geometries will yield much 

higher X values: 

By similar calculations, it can be shown that for identical crimp heights and pitches, the parabolic (FIG. 1 1 b) 

45 crimp geometry will yield higher expansion in diameter than the triangular crimp geometry, while the "frustum 
of triangle" crimp geometry (FIG. 11d) will yield a still higher diameter. On the other hand, for the same 
expandability and the same crimp pitch, the parabolic crimp geometry will require less crimp height than the 
triangular crimp geometry and the "frustum of triangle" crimp geometry will require still less, providing lower 
uninfiated profiles for the balloon portion of the catheter for a given uninfiated balloon inside diameter. 

50 In the alternative, for a given uninfiated balloon outside diameter, reduced crimp height results in increased 
inside diameter of the uninfiated balloon, allowing use of a larger diameter inner tube and providing improved 
fidelity in distal pressure wave monitoring. The frustum of triangle structure of FIG. 1 1 e yields the highest ratio 
of fully infiated balloon diameter to uninfiated balloon diameter for given value of crimp height and crimp pitch. 
At the same time, the frustum of triangle crimp geometry results in the smallest required crimp height for the 

55 desired expandability and the given crimp pitch, yielding the lowest uninfiated profile for the balloon for a given 
uninfiated balloon inner diameter. Where the catheter is also to be used for distal pressure wave monitoring, 
the smaller frustum of triangle crimp geometry for a given uninfiated balloon outer diameter also permits 
increasing the inner diameter of the uninfiated balloon, thus allowing use of an inner tube having larger inner 
and outer diameters, thereby improving the fidelity of pressure wave transmission. 

60 The balloon portion and connecting portions of the balloon catheter constructed in accordance with the 
invention can be fabricated using suitable biologically compatible materials. The fabric substrate can be 
knitted or woven polyester or a polyest r film which is appropriately crimped and then coated with an 
elastomeric material, the elastomer must provide surface smoothness and b non-thrombogenic. The 
adjoining fabric or film sections can be sewn together or formed integrally and the free ends of the expansion 

65 portions appropriately bonded to the rear surface of the catheter tip and the distal surface of the catheter shaft 
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tiihP as described above. Other structures can, of course, be employed. . .u 

it^\ thus be seenTat th objects set forth above, among those mad apparent from, the preceding 
deLSon are efficiently attained and. since certain changes may be made in the above art.c e wrthout 
deoSa "ror^ the spirit and scope of the invention, it is intend d that all matter contained in the above 
SK^onTd Shown in the accompanying drawings shall be interpreted as illustrative and not .n a limiting 



'TtTs also to be understood that the following claims are intended to cover all of the S«"«r,'V"''3Lf of 
feature! of the invention herein described and all statements of the scope of the invention which, as a matter of 
language, might be said to fall therebetween. 



Claims 



1. A dilatation catheter, comprising: 
a length of a shaft of flexible material having a longitudinal axis; ^. , . ». „tu„„fr„m- 

an inner flexible member coaxially disposed in the shaft and havlngadista portion projecting therefrom 
a balloon portion formed at the distal end of the flexible shaft, the balloon If '^'°^5^'"9 ^^P^^'«. °' 
LSnding to a predetermined diameter when subjected to internal Pressure to provide ^ balloon, the . 
baUoCn portion fixed to the distal end of the flexible shaft and the distal end of the inner flexible member, 

TtJansition portion at at least one end of the balloon portion surrounding the inner flexible member for 
coLpTng°Ee banoon portion to one of the inner distal ends of the flexible member and the distal port^n of 
the flexible shaft, the transition portion being capable of longitudinal ex ension '".response to a minor 
Sngi tudinal cont;action at the two ends of the balloon portion when ^'^f ^ 
2 The dilatation catheter of claim 1. in which the balloon portion is formed from a substrate and a fluid 

'"rillL'dSSatrcatheter of claim 1 . In which the transition portion Is formed from a substrate and afluid 

'T?;;rSitta5?n cJheter of claim 1. in which the substrate in the balloon portion is formed with 
circumferential crimps running length-wise about the circumference of the balloon portion. 

5 The Station catheter of claim 1. In which the substrate in the transition portion is fomr,ed with 
longitudinal crimps across the length of the catheter. ■ 

6 The dilatation catheter of daim 2 or 3. in which the substrate IS a fahric. _ ■ 

7. The dilatation catheter of daim 2 or 3. in which the substrate is a thm film. • 
8 The dilatation catheter of claim 4 or 5. in which the crimps have a triangular cross-sectipa 
liThedilatationcatheterof claim4or5.inwhiohthecrimpshaveacurv.i,nearcro^^^^^^^^ 
10. The dilatation catheter of claim 4 or 5. in which the cnmps have a cross-section in the form of a 

*Tf*Thl.°difatatloncatheterof claim 2 or 3. in which the substrate is polye^^^^ 

12:^le dlS^^^^^^^^ of cl^m 11. in v.hich the polyester is coated with.polyurethane to prov.de a 

^3° rJeX^^^^^^^ of Claim 1 . in which the inner member includes a distal tip. the shf |-ving a 

d staUranS a proximal transition portion, and a balloon portion therebetween, the distal end 

S thl dfst^^^^^^^^^ portion coupled to the distal tip. the proximal of th^^^^^^^ portion 
fixed to the outer flexible shaft, and the balloon portion between the ^^^^^S^io aPd^^^^ oositioninq tho 
14. The dilatation catheter of claim 7, further Including a rad.o-opaque member to aid in positioning tho 

'if ^e'diS^^^^^^ of Claim 2 or 3. wherein the fabric substrate is a dacron fabric and the 

Ir.^heX^^^^^^^^^^ claim 2 or 3. wherein the substrate is a fabric impregnated w.th the 

^flTe'dilatation catheter of claim 2 or 3. wherein the substrate is a thin polymeric film and the elastomer 
is in the form of an outer sleeve disposed about the substrate. 
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